ever, until recently the systematics of the commercially important genus Streptomyees was most unsatisfactory due to the difficulty of finding reliable criteria for the circumscription of species. Innumerable streptomycete species were described by little other than their ability to produce secondary metabolites and identification of unknown strains was difficult, if not impossible [2] . Recently, the type strains of over 300 species of Streptomyces were assigned to 21 major, 37 minor and 13 single member clusters [3] . The latter were considered to form species but the major clusters, which varied in size (6-71 strains) and homogeneity, were designated as species-groups in need of further study. The streptomycete data base was used to construct a probabilistic identification matrix [4] that has been used to identify unknown streptomycetes from diverse habitats to the numerically defined species-groups [5, 6] . The identification matrix is based upon 41 tests not all of which are convenient to carry out or easy to read. Indeed, simple rapid tests are required both for the classification and identification of streptomycetes.
Improved methods for the detection of enzyme activities are providing good characters for bacterial systematics [7] . Enzymic activity can often be demonstrated using methods that employ Table 1 Utilisation of 4-methylumbelliferone substrates by representatives of numerically defined clusters of
Streptomyces
All of the strains produced acid and alkaline phosphatases, fl-D-glucosidase and acid-hydrolase (C7). Streptomyces project [18] [19] [20] [21] ; * type strain.
ClusSpecies and strains
chromogenic and fluorogenic enzyme substrates. Such rapid biochemical tests are being introduced into hospital microbiology laboratories but have rarely been applied to actinomycetes [8, 9] . Maddocks and Greenan [10] devised a simple spot test for the detection of various enzymes in Escherichia coli using commercially available 4-methylumbelliferone (4-MU; 7-hydroxy-4-methyl-coumarin)-linked substrates. The procedure was based on the generation of fluorescence when free 4-methylumbelhferone was released by enzyme hydrolysis of the conjugated substrate. A restricted range of 4-MU-linked substrates have been used in the classification and identification of bacteria including mycobacteria [11, 12] , mycoplasmas [13] , pseudomonads [14] , renibacteria [15] and streptococci [16] . In the present study, representatives of numerically-defined streptomycete species-groups were examined for their ability to use a selection of 4-MU-conjugated substrates.
MATERIALS AND METHODS

Test strains and growth conditions
The representative streptomycetes (Table 1) were grown on Bennett's agar [17] at 25°C for 5 days.
Preparation of 4-methylumbelliferone-conjugated substrates
The conjugated substrates (Sigma) shown in Table 1 With a single exception, the 4-MU glycoside substrates (5 mg) were dissolved in 200 #1 dimethyl sulphoxide (Sigma) to give approximately 2 X 10-3 molar solutions which were diluted to 10 ml in 0.05 M acetate buffer, pH 5.2. The remaining glycoside, 4-MU-N-acetyl-/3-D-glucosaminide was dissolved in N, N-dimethyl formamide (DFM; BDH Analar). Similarly, the 4-MU organic esters (5 mg) were dissolved in 0.2 ml DMF and the stock solutions made up to 10 ml by the slow addition of 0.05 M Tris buffer (pH 7.0) to which the minimum volume of absolute ethanol (maximum 30%) had been added to keep the compounds in solution. Stock solutions of the inorganic esters were prepared at the same concentrations as above by diluting 4-MU phosphate in either acetate (pH 5.2) or Tris buffer (pH 9.0) for acid and alkaline phosphatases and 4-MU sulphate in Tris buffer (pH 7.0). The substrate solutions were used immediately without sterilisation or were maintained at -20 °C for up to 3 months.
4-Methylumbelliferone-conjugated substrate test
This test is based on the generation of fluorescent 4-MU from the appropriate substrate and subsequent intensification by adjustment of pH to yield the highly fluorescent anion which exhibits electron delocalisation (Fig. 1) .
The tests were carried out using minor modifications of the procedure recommended by Slifkin and Gil [16] . Thus, tings (20 mm diam.) were lightly drawn with pencil on Whatman paper No. 3 (ca. 90 mm) filter paper held in the inner section of a lid of a standard 100-mm Petri dish. Using a wooden toothpick, streptomycete inocula from 5-day-old Bennett's agar plates were transferred to ringed areas on the filter paper. Inocula (8-10 per dish) were rigorously rubbed into the paper and a drop of substrate added using an automatic xo..Q o pipette. The bottom of the Petri dish was used as a lid, and the reactants were incubated for 20 min at 37 o C. A drop of saturated sodium bicarbonate was then added to each inoculated substrate to enhance fluorescence which was visualised at 366 nm under UV light (Ultraviolet lamp, model B100 a, Gallenkamp). Controls consisted of the substrate only (in central position of filter paper), and streptomycete growth plus the solvent and buffer used in preparing the substrate. The sodium bicarbonate was added to the 4-MU organic esters immediately before reading the tests to avoid false positive results due to autofluorescence. Positive reactions were recorded when an intensive light blue fluorescence was observed under the UV .lamp.
RESULTS
Reproducible results were obtained with strains grown on Bennett's agar at 25 °C for 5 days. Most enzymes (Table 1) were discontinuously distributed though all of the test strains produced acid and alkaline phosphatase, fl-D-glucosidase and heptanoate hydrolase. Many strains also gave positive reactions for fl-D-fucosidase, fl-D-galactosidase, a-D-glucosidase, N-acetyl-fl-D-glucosaminidase and acyl hydrolases specific for the C~s esters, elaidate and stearate. It was particularly interesting that fl-L-fucosidase activity was restricted to strains of S. albidoflavus (cluster 1A) and S. anulatus (cluster 1B) and that fl-Dglucuronidase was mainly detected in S. albidoflavus (cluster 1A), S. anulatus (cluster 1B), S. halstedii (cluster 1C), S. atroolivaceus (cluster 3) and S. exfoliatus (cluster 5) strains. Sulphatase activity mirrored that found for fl-D-glucuronidase but was also exhibited by strains of S. violaceus (cluster 6) . Strains assigned to clusters 15 (S. chromofuscus), 17 (S. griseoviridis), 21 (S. griseoruber), 37 (S. griseoflavus) and 40 (S. phaeochromogenes) were unusual in not producing fl-D-Xylosidase. Similarly, S. lavendulae (cluster 61) did not form fl-D-galactosidase and most strains of S. griseoflavus (cluster 37) were unable to hydrolyse 4-MU elaidate.
DISCUSSION
The restricted number of biochemical tests currently used in streptomycete systematics [3, 4] can be attributed to the traditional emphasis placed on morphological and physiological criteria and to the problem of detecting a small amount of end product in a large volume of test medium. Compared with such conventional tests micromethods have the advantage of speed and use only small amounts of media. The preliminary data presented here suggest that the use of 4-MU-linked substrates for the detection of specific enzymes will provide valuable information for both the classification and identification of streptomycetes. The 4-MU fluorogenic tests are sensitive, reproducible, easy to read and do not require prolonged incubation. However, further studies using additional representative strains and 4-MU linked substrates are required to determine the full value of these fluorogenic probes for streptomycete systematics. The ability to obtain high quality information rapidly is also at a premium for the numerical classification and identification of actinomycetes generally.
The results of this and earlier studies on actinomycetes [8, 9, 11, 15] indicate that actinomycete taxa have characteristic biochemical profiles that can be exploited for taxonomic purposes. The detection of acid and alkaline phosphatases, fl-D-glucosidase and acyl-hydrolase (C7) in all of the test strains suggests that these properties could well be used to strengthen the definition of the genus Streptomyces and might be of value in separating it from other sporoactinomycetes. The remaining substrates linked to 4-MU gave results of differential value with a-L-arabinosidase and fl-D-cellobiosidase having especially high separation values given their distribution to species-groups. It is also interesting that S. albidoflavus (cluster 1A) and S. lavendulae (cluster 61) have markedly different enzyme patterns given the relatively low overall similarity values shown by representatives of these taxa [3] .
